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A 2-kJ Mather plasma focus device is used to deuterate the top end surface (or tip) of
its central titanium electrode to investigate the occurrence of anomalous nuclear
reactions in the context of the “cold fusion” phenomenon. The tip of the central titanium
electrode is found to develop at least a few tens of microcuries of tritium after several
plasma focus discharges. Neither the tritium impurity level in the deuterium gas used in
the experiment nor the tritium branch of the d-d reactions that are known to occur in
plasma focus devices can account for such activity in the electrode. Anomalous nuclear
reactions in the deuterated titanium lattice appear to be the most probable source of this
high activity.

INTRODUCTION
The occurrence of anomalous nuclear processes in palladium or titanium when loaded

with deuterium either electrolytically,1 in gas phase,2 or in plasma phase3 has been
reported by various laboratories throughout the world. In gas-phase studies, neutron
emission as well as high levels of tritium activity have been observed in two independent
Frascati-type absorption-desorption mode experiments with titanium turnings carried out
at Bhabha Atomic Research Centre4,5 (BARC). Some titanium targets subjected to radio-
frequency heating in a D2 atmosphere have shown evidence of tritium activity.6 High
tritium levels have also been observed in “aged” deuterated titanium targets.7 In view of
all these results, the same phenomenon was investigated using a plasma focus device8 at
BARC. Since the tip of the central electrode in a plasma focus device is rapidly heated
and cooled in an atmosphere of deuterium gas/plasma and is bombarded with deuterium
ions of energy up to 400 keV (Ref. 9), the electrode may be expected to get loaded with
deuterium during a discharge shot. This study was carried out to search for the possible
occurrence of cold fusion-like anomalous nuclear phenomena in such deuterated
electrodes.

PLASMA FOCUS DEVICE AND ITS OPERATION
A plasma focus device forms a high-density (1025 ion/m3), high-temperature (107 K)

plasma that produces an intense burst of neutrons when operated with deuterium gas.8

This device consists of coaxial cylindrical electrodes separated by an insulator at the



bottom end and left open at the top, the entire assembly being housed inside a vacuum
chamber. Figure 1 shows a schematic of the plasma focus device used in these
experiments. The vacuum chamber is 12.7 cm in diameter and 16.5 cm long. The outer
electrode configuration is a squirrel cage type. The central electrode is 10 cm long and
2.2 cm in diameter. Each of the 12 outer electrodes is 11 cm long and 0.8 cm in diameter,
placed at a distance of 4 cm from the center of the inner electrode. The Corning glass
insulator is 4 cm long. The plasma focus chamber is typically filled with deuterium gas at
a pressure of 100 to 2000 Pa (1 to 20 mbar).

The device is driven by a 28-µF low-inductance (100 nH at focus formation) fast
capacitor bank charged to 12 kV (stored energy of 2 kJ). When the spark gap switch is
fired, a surface discharge is first initiated along the length of the insulator. This then
develops into a radial current sheath that is axially accelerated thereafter by J ×B forces
between the electrodes, sweeping and “snow plowing” the gas ahead of it. On reaching
the open end, the current sheath turns around on itself, forming a quasi-cylindrical
implosion resulting in a dense hot plasma focus a few centimetres long and a few
millimetres in diameter, just above the tip of the central electrode.

The time resolved (dI/dt) and voltage were recorded using a Rogowsky coil and a
voltage divider, respectively, on separate storage oscilloscopes. The voltage and dI/dt
signals indicate whether there is a successful formation of a healthy plasma focus during
the discharge.

EXPERIMENT
The first experiment with a central titanium rod electrode (TA1) was carried out on

January 4, 1990. This titanium electrode was exposed to ~50 charge/discharge shots at
different deuterium gas filling pressures with the plasma focus operated in the normal
mode, namely with the bank charged to positive voltage (12 kV). Subsequently, ~10
shots were taken with the bank charged to negative voltage (-12 kV). The polarity of the
voltage was changed by replacing the diode chain with another similar but reverse
polarity diode chain in the power supply unit. This was done to deflect some of the high-
energy (up to 400 keV but most of the ions have energy ~10 to 100 keV) deuteron beams
that are known to be generated in a plasma focus device toward the central electrode. The
second titanium electrode (TA2) was subjected to 25 normal shots at a charging voltage
of 12 kV, while the third electrode (TA6) was given with 25 shots of reversed polarity
(-12 kV). A titanium electrode with a central depression (called the hollow titanium
electrode) was also used. So far, we have studied four titanium electrodes. Other solid
electrodes used were aluminum, brass, stainless steel, and tungsten.


